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The  present  study  aimed  to evaluate  the  effect  of  the  addition  of IGF-1  to  the  in  vitro  culture
(IVC)  medium  on the  development  of  caprine  and  bovine  preantral  follicles  ≥150 m  in
diameter.  Caprine  and  bovine  preantral  follicles  were  cultured  for 18  days  in  the absence  or
presence  of 50  ng/mL  IGF-1.  Follicles  were  classiﬁed  according  to morphological  character-
istics,  and  those  showing  morphological  signs  of  degeneration  such  as  darkness  of  oocytes
and surrounding  cumulus  cells  or those  with  misshapen  oocytes  were  classiﬁed  as  degen-
erated. Oocyte  and  follicular  diameter  were  measured  only  in healthy  follicles  and  antral
cavity formation  was  deﬁned  as a  visible  translucent  cavity  within  the  granulosa  cell  lay-
ers. Regarding  follicular  growth,  the  daily  increase  in follicular  diameter  was calculated,  and
oocyte  extrusion  was  determined  by  calculating  the  rates  of  ruptured  basement  membrane
with the release  of cumulus  oocyte  complexes  (COCs).  After  IVC,  oocytes  were  submitted  to
in  vitro  maturation  (IVM)  and  morphological  analysis  using  ﬂuorescent  markers.  IGF-1 did
not affect  follicular  morphology  and  antrum  formation  in both  species.  However,  follicular
extrusion  and  in  vitro  matured  oocytes  were  obtained  only  in  caprine.  It can  thus  be  said
that although  bovine  and  caprine  preantral  follicles  react  differently  at same  culture  condi-
tions, this  study  showed  the successful  in  vitro  development  of  caprine  preantral  follicles.
We  also suggest  the enrichment  of the IVC  media  and  increase  in the  IVC  period  for bovine
preantral  follicles.
© 2013 Elsevier B.V. Open access under the Elsevier OA license. . IntroductionAdvances in the in vitro culture (IVC) of preantral
ollicles (PFs) have been observed. In domestic rumi-
ants, embryos have been produced by the in vitro grown
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Open access under the Elsevier OA license. of matured and activated oocytes harvested from PFs
(buffaloes – Gupta et al., 2008; sheep – Arunakumari
et al., 2010; goat – Saraiva et al., 2010). However, suc-
cess in bovine has been restricted to antrum formation
(McLaughlin et al., 2010). Although we  have obtained
antrum formation and follicular growth in bovine PFs
(Rossetto et al., 2012), improvement of follicular develop-
ment is necessary. Therefore, application of a successful
method developed for small ruminants would be of inter-
est. The similar ultrastructure of bovine and caprine PFs,
which is characterized by the conformation and distribu-
tion of organelles in the oocyte and granulosa cells (Fair
inant Re168 R. Rossetto et al. / Small Rum
et al., 1997; Lucci et al., 2001), may  indicate that analo-
gous protocols for the IVC of PFs could be applied for these
two species. In the present study we aimed to evaluate cul-
ture medium supplementation with IGF-I on the in vitro
development of caprine and bovine PFs.
2. Material and methods
Ovarian pairs of adult crossbred cows (n = 6) and goats (n = 6) were
collected at a local abattoir. In the laboratory, caprine and bovine ovar-
ian cortical slices (1–2 mm thick) were placed in medium consisting of
HEPES-buffered MEM. PFs ≥150 m in diameter were isolated and folli-
cles were transferred to 100 L droplets containing fresh medium under
mineral oil to further evaluate follicular quality. Follicles with a visible
oocyte, surrounded by granulosa cells, with intact basement membrane
and no antral cavity, were selected for culture. Caprine and bovine follicles
were individually cultured in 100 L drops of culture medium and incu-
bation was  carried out at 39 ◦C, in 5% CO2 in air for 18 days in both species,
in  -MEM supplemented with 3 mg/mL  bovine serum albumin (BSA), ITS
(10 g/mL insulin, 5.5 g/mL transferrin, and 5 ng/mL selenium), 2 mM
glutamine, 2 mM hypoxanthine, and 50 g/mL ascorbic acid, under min-
eral oil. Fresh medium was  prepared and incubated for 2 h prior to use.
Every other day, 60 L of fresh medium was replenished in each droplet
until Day 18, and, at Days 6 and 12, all medium (100 L) was  replen-
ished. Increasing concentrations of FSH were used (e.g. 100 ng/mL until
Day 6, 500 ng/mL until Day 12, and 1000 ng/mL until Day 18) in the pres-
ence or absence of insulin-like growth factor-1 (IGF-1; 50 ng/mL). Follicles
showing darkness of oocytes and surrounding cumulus cells or those with
misshapen oocytes were classiﬁed as degenerated. Oocyte and follicu-
lar diameter were measured only in healthy follicles every six days of
culture, measured as the mean of two perpendicular measures of each
preantral follicle and oocyte using an ocular micrometer (100X magniﬁ-
cation) inserted into a stereomicroscope (SMZ 645 Nikon, Tokyo, Japan).
Antral cavity formation was  deﬁned as a visible translucent cavity within
the granulosa cell layers. The daily increase in follicular diameter was
calculated as follows: the diameter of viable follicles at day 18 minus the
diameter of viable follicles at day 0 divided by the number of days of in vitro
culture (18 days). Oocyte extrusion was determined by calculating the
rates of ruptured basement membrane with the release of cumulus oocyte
complexes (COCs). At the end of the 18-day culture period, all healthy fol-
licles containing oocytes with homogeneous cytoplasm and surrounded
by at least one compact layer of cumulus cells were selected for in vitro
maturation (IVM). The selected COCs were washed 3 times in a maturation
medium composed of TCM199 supplemented with 10% fetal calf serum,
100 g/mL of LH, 5 g/mL of FSH, 1 g/mL of 17b-estradiol and 10 ng/mL
of EGF. After washing, the oocytes were transferred to 50 L drops of
maturation medium under mineral oil and then incubated for 26 hours
at  39 ◦C with 5% CO2 in air. After which, oocytes were analyzed under ﬂu-
orescent microscopy to assess morphology and chromatin conﬁguration
using 4 mmol/L calcein-AM, 2 mmol/L ethidium homodimer-1 (Molecular
Probes, Invitrogen, Karlsruhe, Germany) and 10 mmol/L Hoechst 33342
(Bisbenzimide trihydrochloride) as markers (Santos et al., 2006). Data
on  morphology, antrum formation, oocyte extrusion and in vitro matura-
tion were compared using a chi-square test and the results expressed as
percentages. Data on follicular diameter was  subjected to Shapiro–Wilk
and Bartlett test to evaluate normal distribution and homoscedasticity,
Table 1
Mean percentage (± SEM) of follicular survival, antrum formation and follicular e
Morphologically normal follicles (%) Antrum f
CAPRINE BOVINE CAPRINE
Control IGF-1 Control IGF-1 Control 
(n  = 47) (n = 47) (n = 36) (n = 36) (n = 47) 
Day 6 100.00 a 100.00 a 100.00 a 100.00 a 72.34 b 
Day  12 97.87 a 100.00 a 94.44 a 100.00 a 87.23 a 
Day  18 80.85 b 82.98 b 77.78 b 72.22 b 87.23 a 
a and b: different letters indicate signiﬁcant differences between IVC period (6, 12
species (caprine or bovine).  and : different letters indicate signiﬁcant differen
and  same group (control or IGF-1 treated).search 113 (2013) 167– 170
respectively. Therefore, the no parametric Kruskal –Wallis test (SAS, 2002)
was  used, and results were presented as mean ± standard error. Differ-
ences were considered to be signiﬁcant when P < 0.05.
3. Results
Table 1 shows the percentage of morphologically nor-
mal  follicles, antrum formation and follicular extrusion
in both species. Regarding follicular morphology, it was
not affected by the addition of IGF-1 in the medium in
both species (P > 0.05). Follicular morphology, also in both
species, was impaired (P < 0.05) at day 18 of IVC when
compared to day 0. Similarly, antrum formation was not
affected by medium supplementation with IGF-1. Follicu-
lar extrusion, however, was increased (P < 0.05) in from day
12 to day 18 of IVC from caprine preantral follicles. Dif-
ferently, when bovine preantral follicles were cultured, no
follicular extrusion was  observed. A progressive follicular
growth throughout the 18 days of IVC was observed in both
species. However, IGF-1 promoted (P < 0.05) the growth of
caprine preantral follicles only, resulting in growth rates
greater (P < 0.05) than those observed in bovine follicles
(Fig. 1). At the end of IVC, only caprine COCs reached sufﬁ-
cient diameter to be submitted to IVM. There was  no effect
of IGF-1 on the maintenance of oocyte morphology and
meiosis resumption (Fig. 2).
4. Discussion
IGF-1 medium supplementation had no effect on the
follicular morphologyand antrum formation when caprine
and bovine preantral follicles were cultured in vitro.
Although we have observed the importance of stepwise
FSH addition to the medium in the present study, IGF-1
supplementation did not improve the follicular develop-
ment. In combination or not with FSH, IGF-1 is involved
in the development of early antral follicles and prolifera-
tion of granulosa cells (Mani et al., 2010). There is a lack
of information on the mechanisms involved in the inter-
action of FSH and IGF-1 in bovine granulosa cells. In sheep
(Hastie and Haresign, 2006), IGF-1 is expressed in theca
cells from early antral follicles but not in preantral folli-
cles. In bovine, neither IGF-1 nor IGF-2 mRNA was  detected
in preantral follicles (Armstrong et al., 2000). This indi-
cates that the pattern of IGFs expression in preantral follicle
might be different among species, and also explain the
no effect of the IGF-1 in the present culture system. Itoh
xtrusion in bovine and caprine preantral follicles during 18-days IVC.
ormation (%) Extrusion follicular (%)
 BOVINE CAPRINE
IGF-1 Control IGF-1 Control IGF-1
(n = 47) (n = 36) (n = 36) (n = 47) (n = 47)
76.60 b 22.22 a 19.44 b 2.13 b –
91.49 a 30.56 a 22.22 ab 2.13 Bb 12.77 Ab
91.49 a 41.67 a 41.67 a 12.77 Ba 34.04 Aa
 and 18 days) within the same group (control or IGF-1 treated) and same
ces between caprine and bovine at same IVC period (6, 12 and 18 days)
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Fig. 1. Photomicrography showing antrum formation during IVC of caprine (panels A1–A4) and bovine (panels B1–B4) preantral follicles. Mean increase in
follicular diameter is presented in panel C. (a–d) different letters indicate signiﬁcant differences between IVC period (0, 6, 12 and 18 days) within the same
group  (control or IGF-1 treated) and same species (caprine or bovine).  and : different letters indicate signiﬁcant differences between caprine and bovine
at  same IVC period (0, 6, 12 and 18 days) and same group (control or OGF-1 treated). A and B: different letters indicate signiﬁcant differences between
groups (control or IGF-1 treated), at same IVC period (0, 6, 12 and 18 days) and same species (caprine or bovine).
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t al. (2002) showed that IGF-1 stimulates the growth of
ovine preantral follicles. Besides the fact that these later
uthors have used a tridimensional culture in collagen, and
hat IGF-1 has a limited role in the preantral development,
ranulosa cells are able to respond to IGF-1 by increasing
heir production of IGF binding proteins (Walters et al.,
006). McCaffery et al. (2000) demonstrated that IGF-1
ctivity will be dependent on the follicular developmental
tage and, in immature follicles, it can leads to preco-
ious cell differentiation. This might explain our observed
ower cell proliferation in bovine and, consequently, low
ates of antrum formation. The non-extrusion of bovine
ocytes, therefore, might be caused by the absence of suf-
cient follicular growth, as it was not possible to harvest
ocytes for IVM, because all of them were smaller than
10 m.  According Crozet et al. (2000) oocytes with a diam-
ter ≥ 110 m are able to resume meiosis. When caprine
reantral follicles were cultured, oocytes ≥110 m were
btained after 18-days IVC. Such oocytes were able to be
atured and fertilized in vitro. Differently, in bovine, suchine COCs reached sufﬁcient diameter to be submitted to IVM. B: Cumulus
 chromatin conﬁguration of a caprine mature oocyte (B4).
results were not observed, which may  be due to the insufﬁ-
cient period of IVC. According Gupta et al. (2008), 100-days
IVC is efﬁcient to obtain competent oocytes from buffalo’s
preantral follicles. In conclusion, although both species
behave different at same culture conditions, this study
showed the successful in vitro development of caprine pre-
antral follicles.
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